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Example	
  of	
  transformer	
  damaged	
  due	
  to	
  GIC	
  	
  The	
  US	
  transmission	
  system	
  that	
  will	
  be	
  used	
  as	
  an	
  
antenna	
  for	
  space	
  physical	
  remote	
  sensing	
  

GeomagneScally	
  induced	
  currents	
  (GIC)	
  that	
  flow	
  in	
  power	
  grids	
  during	
  space	
  weather	
  storms	
  can	
  be	
  a	
  
hazard	
  for	
  reliable	
  transmission	
  of	
  electricity.	
  GSFC’s	
  space	
  weather	
  team	
  has	
  developed	
  new	
  
technology	
  that	
  not	
  only	
  provides	
  real-­‐Sme	
  informaSon	
  for	
  miSgaSon	
  of	
  the	
  hazard	
  but	
  also	
  allows	
  the	
  
grid	
  to	
  serve	
  as	
  a	
  space	
  physical	
  antenna.	
  The	
  work	
  is	
  being	
  conducted	
  with	
  the	
  US	
  transmission	
  
industry’s	
  support.	
  	
  
•  The	
  system	
  will	
  allow	
  the	
  extracSon	
  of	
  informaSon	
  about	
  conSnental	
  scale	
  geoelectric	
  fields	
  and	
  

ionospheric-­‐magnetospheric	
  electric	
  currents.	
  These	
  will	
  be	
  used	
  to	
  build	
  unprecedented	
  
spaSotemporal	
  picture	
  of	
  the	
  geological	
  condiSons	
  and	
  near-­‐space	
  physical	
  phenomena.	
  

	
  
•  Power	
  system	
  operators	
  can	
  use	
  the	
  real-­‐Sme	
  data	
  for	
  situaSonal	
  awareness	
  about	
  GICs.	
  Real-­‐Sme	
  

GIC	
  informaSon	
  can	
  be	
  used	
  to	
  assist	
  miSgaSon	
  acSons	
  power	
  companies	
  may	
  take.	
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small gaps.  The response of a reactor to GICs could be 

similar to the response of a three-limb transformer, with the 

core gap of a reactor having a similar effect to the core-tank 

gap of the transformer.  Despite the relatively high reluctance 

of the magnetic path compared with a closed-core, some 

quasi-dc GIC will flow through a reactor and, as for a 

transformer, the response will be determined by the 

construction details.  Koen and Gaunt [16] reported reactor 

failures and elevated levels of dissolved gas closely associated 

with exposure to geomagnetic storms, although “the failure of 

reactors due to GICs appears not to have been reported and is 

generally unknown”. 

While the practical measurements on the MTS 

demonstrated saturation of transformers that were previously 

expected to be unaffected by GICs, there has been no practical 

demonstration of a direct association between GICs and the 

initiation of gassing in transformers.  However, in November 

2003 this changed, with elevated levels of dissolved gas in 

several transformers being closely associated with a major 

storm. 

V THERMAL DAMAGE BY GICS DURING NOV 2003 

The condition of twelve 400 kV GSU transformers, each 

rated 700 MVA, at the Tutuka and Matimba power stations 

and six 275 kV GSU transformers at Lethabo power station is 

checked regularly, with some units equipped with on-line 

DGA instruments.  After the severe geomagnetic storm at the 

beginning of November 2003, often referred to as the 

“Halloween storm”, the levels of some dissolved gasses in the 

transformers increased rapidly.  A transformer at Lethabo 

power station tripped on protection on 17 November.  There 

was a further severe storm on 20 November.  On 23 

November the Matimba #3 transformer tripped on protection 

and on 19 January 2004 one of the transformers at Tutuka was 

taken out of service.  Two more transformers at Matimba 

power station (#5 and #6) had to be removed from service 

with high levels of DGA in June 2004.  A second transformer 

at Lethabo power station tripped on Buchholz protection in 

November 2004. 

The DGA records are not the same for all the transformers, 

but all of them show a sharp change at the end of October 

2003, when the first storm occurred.  Based on the DGA 

records, most of the transformers at these power stations 

appear to have been damaged by the effects of the  

geomagnetic storms.  The DGA record for one of the 

Matimba transformers, shown in Fig 5, is fairly typical.  Gas 

levels fell when the transformer loading was reduced 

following the sharp increase after 31 October.  By August 

2004, about 10 months after the storm, this transformer had 

not yet failed, although damage was evident from the 

generation of gases.   
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Fig 5:  DGA results Matimba #1: May 2003 to June 2004  

Although absolute levels of gas are low, the DGA results of 

the Tutuka and Matimba transformers produce ratios that are 

consistent with low temperature thermal degradation as 

described by Mollmann and Pahlavanpour [17] and Saha [18].  

Typically, on four apparently damaged transformers: 

Ethylene:methane C2H4 / CH4 = 0,2 - 0,9 

Ethane:methane C2H6 / CH4    = 0,2 - 1 

Methane:hydrogen CH4 / H2    = 2 - 5 

Ethylene:ethane C2H4 / C2H6   = 0.4 - 4.6 

Acetylene C2H2 negligible 

In the transformer depicted in Fig 6 the level of CO2, a 

product of low temperature degradation of cellulose, was 

approximately 10 times higher than the level of CO.  

Relatively higher CO or ethylene content would indicate 

higher temperature degradation. 

Inspections of all the failed transformers identified heat 

damage, mostly to paper insulation, in various parts of the 

transformers, as illustrated in Figs 6 to 8.  The damage is 

consistent with the DGA results.  In all cases, the extent of the 

damage appears to be small, and discoloration of paper 

insulation beyond the immediate vicinity of the fault is 

superficial, which explains why the absolute levels of 

dissolved gas are low - even below the threshold considered 

significant for most DGA assessment. 

 

Fig 6: Failure in HV winding of Lethabo #6 Fig 7:  Failure in HV winding of Matimba #4 Fig 8:  Overheating of LV terminals of Tutuka #1 

 



Description and Objectives: 
•  We have started using the US high-voltage power 

transmission system as an extremely large antenna for 
geophysical and space physical remote sensing. 

•  The implemented technology will also provide real-time 
information about space weather impacts to the power 
transmission industry . 

 

Approach: 
•  The team developed in the pilot phase three sensor 

stations and mathematical theory for the analyses. 
•  The pilot stations have all the capabilities required for the 

ultimate large-scale implementation of the concept. 

Collaborators: 
•  The team has been collaborating in the pilot phase with 

the Dominion Virginia Power. The pilot system will be 
implemented in the Dominion network. 

Milestones and Schedule: 
•  Development of data analysis tools including the new 

inversion method: December, 2013. 
•  Completed building of prototype magnetometer stations: 

September, 2014. 
•  Secured new significant industry partners for the follow-

up work: June 2014. 
Application / Mission: 
•  The new technology will be used for space physical and 

geophysical remote sensing. 
•  The new technology will be used for mitigating space 

weather effects on the high-voltage power transmission 
systems.  

Key challenge(s)/Innovation:  
•  The team has developed low-cost fluxgate magnetometer 

sensor stations that can be deployed in large numbers. 
•  The team also developed new methods that are used to 

convert observed raw induced currents data into 
geophysical and space physical information. 

Technology Readiness Level: 
•  Starting TRL: 1. 
•  Ending TRL: 5. 

Space Technology Roadmap Mapping: 
•  Primary Technical Area: TA08. 
•  Secondary Technical Area: TA11. 
•  Applicable Space Technology Grand Challenge: New 

Tools of Discovery. 

Map of US high-voltage power transmission system that will 
be used as a scientific instrument 

*Game Changing Usage of High-Voltage Power Transmission 
Systems as Extremely Large ANTENNAs for Space Physical 
and Geophysical Remote Imaging 


